Abstract: The aim of this study was to determine the effect of the live yeast Saccharomyces cerevisiae on the growth performance, caecal ecosystem and overall health of growing rabbits. A control diet was formulated (crude protein: 15.9%; neutral detergent fibre: 31.6%) and another diet obtained by supplementing the control diet with 1 g of Saccharomyces cerevisiae (6.5×10 9 colony-forming units) per kg of diet. Ninety 35-d old rabbits were allotted into 3 groups: TT (rabbits offered the supplemented diet from 17 d of age onwards), CT (rabbits offered supplemented diet from 35 d) and CC (rabbits fed non-supplemented diet). Body weight (BW) and feed intake were measured weekly and mortality was controlled daily. At 35, 42 and 77 d of age, 6 rabbits from each group were slaughtered and digestive physiological traits, serum clinical chemistry parameters, fermentation traits, and the composition of caecal microbiota examined. At 42 and 56 d of age, 10 rabbits from each group were injected intraperitoneally with 100 µg/animal of ovalbumin and blood samples were collected for examination of plasma immunological parameters. Throughout the experiment (5-11 wk), weight gain and feed intake (37.8 and 112.6 g/d, on av.) were not affected by yeast, except for weight gain in the first week after weaning, which was the highest in TT animals among the 3 groups (48.1 vs. 43.9 and 44.2 g/d for TT, CC and CT, respectively; P=0.012). This may be due to the increased trend in feed intake (P=0.072) in the TT group (96.4 g/d) compared to the others. Mortality (5/90) was low and did not differ among the 3 groups. Treatments had no effect on slaughter traits at the 3 sampling dates (35, 42 and 77 d). Only the weight of the empty caecum (% BW) was higher (P=0.02) in CC (2.2%) and CT (2.3%) than in TT group (1.8%) at 77 d of age. Treatments did not overtly affect the caecal microbiota, although the number of total anaerobic bacteria and Bacteroides were lower (10 8 and 10 7 /g caecal digesta, respectively) in rabbits from CC group compared to those of CT and TT groups at 42 d of age (P=0.03). No difference between groups was observed for caecal short chain fatty acids profile, blood traits, or IgG and cytokine profile. In conclusion, supplementation of feed with yeast did not modify growth traits and resulted in only a temporary increase in weight gain and a slightly altered caecal microbiota after weaning.
INTRODUCTION
The caecal microbiota and fermentation processes taking place in the caecum play a key role in the digestion and digestive health of rabbits (Carabaño et al., 2006) . One of the main hypotheses to explain the origin of digestive disturbances in young animals is an imbalance in the intestinal microflora (dysbiosis) caused by several stressors. These include pathogenic agents (E. coli ) and nutritional or breeding stress (Jérome et al., 1996) . As the incidence of digestive pathology is higher in young rabbits than in adult rabbits, the maturation of the caecal ecosystem and its stability or biodiversity may be implicated in resistance to digestive diseases, a phenomenon known as "barrier flora effect" (Carabaño et al., 2006) . The flora also interacts with and affects maturation of the intestinal mucosa and interacts with the local immune system (Fortun Lamothe and Boulier, 2007) . Antibiotics are still widely used to reduce mortality in developing rabbits, although there are increasing concerns over drug residues in meat products and increases in bacterial resistance due to the prophylactic use of antibiotics. Due to this, the use of alternatives to antibiotics has received renewed emphasis (Trocino et al., 2005; Falcão-e-Cunha et al., 2007; Bovera et al., 2012a) . Among these alternatives, live yeast is widely used in various livestock species to control intestinal microbiota and enhance immune function. In rabbits, live yeast supplementation provided some positive effects on growth performance and health status, especially when animals were kept under sub-optimal environmental and sanitary conditions with high stocking density and low hygiene control (Maertens and De Groote, 1992) . However, some studies found no significant effect of yeast on various production parameters (Kimsé et al., 2012) . The effect of yeast on growth performance and health status varies depending on the dose, age, livestock conditions, and even between studies. However, yeast's mechanism of action remains unknown. This study aimed to acquire more knowledge on the mode of action of yeast supplementation on the caecal ecosystem and the health of rabbits by determining certain immunological and physiological parameters.
MATERIALS AND METHODS

Diet
A control diet (C) containing 15.9% crude protein (CP) and 31.6% neutral detergent fibre (NDF) was formulated (Table 1) . Another diet (T) was obtained supplementing the control diet with 1 g of Saccharomyces cerevisiae (Actisaf P (CNCMI-4407), Lesaffre, France) per kg of commercial diet (6.5 × 10 9 colony-forming units (CFU)/kg feed). This was coated with a matrix of fat and added to a vitamin and mineral premix and included in the diet before pelleting. No growth promoters, therapeutic antibiotics or coccidiostats were added to diet or administered in water along experiment. The ingredients and chemical composition of the diets are shown in Table 1 .
Analyses of the control diet were carried out in duplicate using AOAC (2000) methods to determine the concentrations of CP (2001.11), crude fibre (CF; 978.10) and ash (967.05). Crude fat was determined after acidhydrolysis (EC, 1998) . NDF was analysed according to Mertens (2002) using the sequential procedure and the filter bag system (Ankom Technology, New York).
Experimental Design, Animal Management, and Housing
A total of 90 Pannon white rabbits were individually marked (with ear tattoos) at 28 d of age, weaned, moved from the maternal sector to the fattening sector, and allotted at the age of 35 d into 3 trial groups taking body weight (863±68 g) into account (30 rabbits/group): CC (Control group without yeast in feed), CT (supplemented with yeast from 35 d of age ) and TT (rabbits started to eat diet supplemented with yeast from the age of 17 d). In the TT group, the yeast (Actisaf P-Lesaffre, France) was added to the does' diet for the suckling rabbits to also consume. The rabbits were given both water and feed ad libitum. Plasma was obtained by centrifugation (Janetzky T23, VEB, Leipzig, Germany) at 3000 rpm for 15 min, and used for immunology. Serum was used for the determination of clinical biochemical parameters. All samples were stored deep-frozen (-27°C) until analysed.
At 35, 42 and 77 d of age, 6 healthy animals from each group were randomly selected and slaughtered at 13:00 h. BW was recorded after exsanguination. The digestive tract was removed immediately and the caecum and the stomach were separated, emptied and weighed. The caecal and gastric contents were weighed and pH registered. Caecal contents were collected for the determination of caecal microbiota and short-chain fatty acid (SCFA) concentration. 
Methodology for yeast enumeration
Laboratory Analyses
Serum biochemistry
The concentration of total protein (TP), albumin (ALB), glucose (G), cholesterol (CHOL), urea and creatinine (CREA), and the activity of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and gamma-glutamyl transferase (GGT) were determined in a professional veterinary laboratory (Vet-Med Laboratory, Budapest, Hungary) using the Roche Hitachi 912 Chemistry Analyzer (Hitachi, Tokyo, Japan) with commercial diagnostic kits (Diagnosticum, Budapest, Hungary).
Determination of immune parameters
For specific IgG detection, ELISA plates (SIGMA-Aldrich) were coated with 100 µL of an ovalbumin solution (100 µg/mL ovalbumin in PBS) per each well and incubated overnight at 4°C in a humidified environment. Excess protein was removed by washing 3 times with 150 µL PBS-Tween 20 (Sigma-Aldrich). Serum samples were two-fold serially diluted in the washing solution, starting with 1:50, in a separate plate. Each dilution (100 µL) was transferred to the ELISA plate (2 wells for each dilution) and incubated for 1 h at room temperature (RT). Wells were then washed again 3 times with PBS-Tween and anti-rabbit IgG-HRPO conjugate (SIGMA-Aldrich, 1:10000) was then added to each well, followed by incubation at RT for 1 h. The washing step was then repeated and the appropriate substrate added.
Cytokine detection by reverse transcriptase real-time polymerase chain reaction (rt-RT-PCR)
Cytokine production was measured by real-time quantitative PCR, detecting mRNA of IL-2 and interferon gamma (IFN-γ). Whole blood was used for total RNA isolation with the Analytik Jena innuPREP Blood RNA Kit (Biometra, Germany) following the instructions of the producer. RNA templates were transcribed into cDNA using the Maxima First Strand cDNA Synthesis Kit for RT-qPCR (Fermentas, Lithuania) according to the protocol of the manufacturer. Amplification using cytokine-specific primers was performed in an Eppendorf Realpex 2 Mastercycler. Primers for IL-2 were designed using the Primer3 Programme (Rozen and Skaletsky, 2000) and available Genbank sequences. For IFN-γ, published primers (Godornes et al., 2007) were used. The mixture used consisted of the following: 2 µL cDNA solution, 5 µL 10× DreamTaq Buffer, 2 µL of 25 pmol/µL of each primer, 1 µL of 1 mmol dNTP Set (Fermentas), 2.5 µL EVA Green (Biotium, USA) and 0.2 DremTaq TM DNA Polymerase, 5U/µL DremTaq TM DNA Polymerase (5U/µL, Fermentas) in a final volume of 20 µL. The PCR reactions used were: preheating at 95°C for 5 min, 40 cycles of 54°C for 30 s, and 72°C for 45 s, followed by a final extension step of 72°C for 7 min. . The relative amounts were determined by comparing Ct (cycle threshold, the number of cycles required for the fluorescent signal to cross the threshold) values to the standard curve of the amplified control DNA.
Microbiological culturing techniques
From 1 g of fresh matter of caecal digesta, serial dilutions (1 g caecal sample+9 mL diluent [0.9% NaCl]) were made immediately after sampling and used for microbiological determination. Anaerobic bacteria were cultured on Schaedler's agar (Sharlan Chemie, Barcelona, Spain), the selectivity of which was increased by the addition of esculin (Merck, Darmstadt, Germany), neomycin (Merck, Darmstadt, Germany), and iron ammonium citrate (Sharlan Chemie, Barcelona, Spain). Gamma-sterile Petri dishes (Biolab, Budapest, Hungary) were placed into Anaerocult culture dishes (Merck, Darmstadt, Germany) in which anaerobic conditions were ensured using an "Anaerocult A" (Merck, Darmstadt, Germany) gas-producing bag. Subsequently, the samples were incubated in an LP 104 type thermostat (LMIM, Esztergom, Hungary) at 37°C for 96 h. Total aerobe germ count was determined on media supplemented with 5% calf blood. The samples were incubated at 37°C for 72 h. E. coli and other coliform bacteria were cultured on Cromocult differentiation medium (Merck, Darmstadt, Germany). The samples were incubated at 37°C under aerobic conditions for 24 h. After the incubation time had elapsed, the colonies were counted according to standard (ISO 4833:2003) with the Acolyte colony counter (Aqua-Terra Lab, Veszprem). The colony counts were expressed in log 10 CFU related to 1 g of sample.
Determination of total volatile fatty acid concentration
About 3 g of caecal chyme was homogenised with 4.5 mL metaphosphoric acid (4.16%), then centrifuged at 10000×g for 10 min and filtered. The concentration of short chain fatty acid was measured by gas chromatography (Shimadzu GC 2010, Japan). Parameters: Nukol 30 m×0.25 mm×0.25 μm capillary column (Supelco, Bellefonte, PA, USA), FID detector, 1:50 split ratio, 1 µL injected volume, helium 0.84 mL/min. Detector conditions: air 400 mL/min, hydrogen 47 mL/min, temperature: injector 250°C, detector 250°C, column 150°C. 2-ethyl-butyrate (FLUKA Chemie GmbH, Buchs, Switzerland) was used as internal standard.
Statistical Analysis
Statistical analysis of the data obtained was carried out using the Statistical Package for Social Sciences (SPSS, version 19.0). Effect of treatment, age, and their interaction was analysed by the following GLM:
Where µ=mean, T i =effect of treatment (groups), A j =effect of age, TA ij =interaction of treatment and age and e ijk =random error.
The significance of differences was tested using the least significant difference post hoc test. Productive data were analysed by means of one-factor analysis of variance (ANOVA). In the case of feed intake and feed conversion, the experimental unit is the cage but the animal for growth rate and other measurements. Mortality in groups was compared by chi-squared analysis. The model of repeated measurement was used for immunological parameters.
RESULTS
The concentration of dietary yeast after granulation was 2×10 5 CFU/g. No effect of yeast addition could be observed on any of the growth traits of fattening rabbits except weight gain in the first week after weaning. This was highest in TT animals compared to the other groups (48.1 vs. 43.9 and 44.2 g/d; P=0.012 for CC and CT respectively) ( Table 2 ). The rate of mortality was low 5.5% (5/90) for the entire experimental period, with no differences observed between the groups, and can be ascribed to the hygienic conditions of the experimental animal house in which the trial was conducted.
There were no differences in the composition of caecal microbiota among dietary treatments at 35 and 77 d of age (Table 3) . However, at 42 d of age, more anaerobic bacteria and Bacteroides were measured in CT animals compared to control groups (10 9 and 10 8 /g of caecal digesta vs. 10 8 and 10 7 /g of caecal digesta; P<0.05). Total anaerobic bacteria was also higher also in TT groups compared to the control group (10 9 /g of caecal digesta vs. 10 8 /g of caecal digesta; P<0.05). Overall, the number of total anaerobic and aerobic bacteria tended to be constant from weaning until slaughter, except the slight temporary variation described above.
No effects of yeast supplementation on slaughter traits were found (Table 4) at the 3 sampling dates except for the weight of the empty caecum, which was higher in CC and CT groups (P=0.02) at 77 d of age. BW after bleeding, weight of gastric content, weight of the empty stomach, and weight of the empty caecum all varied with age (Table 4) . Dry matter content of the caecal chyme varied between 21 and 24% and tended to be constant from 35 to 77 d of age (Table 5 ). The concentration of total SCFA ranged from 34 to 54 mmol/kg, with acetic acid the most predominant SCFA, followed by butyric and propionic acid (Table 5 ). There were no great differences between groups, although total volatile fatty acid concentration was lower in CT group at 77 d of age compared to the other groups (35.4 mmol/kg vs. 44.6 and 51.2 mmol/kg for CC and TT groups, respectively, P<0.05).
Dietary treatment did not affect any of the blood traits examined (Table 6) , with all blood traits varying with age, while there were no differences in serum immunological parameters among groups (Table 7) . 
DISCUSSION
The results of our study confirm those from the previous studies of Chaudhary et al. (1995) and Kimsé et al. (2012) , where no improvement on growth performance in fattening rabbits was noted with 5×10 8 CFU of live yeast/animal and 10 7 CFU/g feed, respectively. Similarly, under optimal breeding conditions, no significant differences in rabbit performance were observed by Maertens and De Groote (1992) . Likewise, Hollister et al. (1990) noted that the dietary supplementation of Lacto-Sacc did not affect the weight gain and feed consumption of rabbits. However, Onifade et al. (1999) and Shanmuganathan et al. (2004) recorded a favourable impact of yeast on feed intake, feed conversion, and body weight gain in fattening rabbits. The mortality rate of fattening rabbits was not different between groups. This result is in agreement with that of Maertens and De Groote (1992) were Biosaf was used under optimal breeding conditions and Trocino et al. (2005) who used 2 doses of Bacillus cereus (2×10 5 and 1×10
6
) CFU/g of diet. However, Kimsé et al. (2012) recorded lower mortality when rabbits were fed 10 g of Biosaf/kg of diet due to diarrhoea between 42 and 56 d of age. Maertens and De Groote (1992) reported a lower mortality of fattening rabbits under less favourable housing conditions. However, it is important to note that the mortality rate recorded in our study on healthy rabbits was low (<10%), so any improvements through the addition of yeast were difficult to observe. In this regard, Bovera et al. (2010 Bovera et al. ( , 2012b observed that when no pathogenic events occur in a rabbit farm, the administration of antibiotics, or their alternatives, has no effects on animal mortality and growth performance. So, the contradictory results in the literature could be explained by differences in experimental design concerning breeding conditions, breed of rabbit, weaning age, composition of diet and strain, dose and period of administration of microorganisms used, as well as the hygienic levels during the experimental period.
The Bacteroides count was in accordance with data reported in the literature (Gouet and Fonty, 1979) . Kimsé et al. (2012) reported that live yeast had no impact on the structure of the bacterial community after 11 d of yeast presence in the caecum, while the bacterial diversity tended to be higher. Likewise, live yeast seemed to promote the establishment of fibrolytic bacteria in the study of Gidenne et al. (2006) , which noted a higher proportion of Ruminococcus albus in the caecum of 28 and 42 d old rabbits fed supplemented diet with S. boulardii. The counts of coliforms and total aerobic bacteria in caecum were low. Related to the effect of yeast supplementation on slaughter traits, Rotolo et al. (2014) reported no effect on the weight of the full and empty caecum. However, Maertens et al. (1994) observed that caecal weight was higher in rabbits fed the Paciflor ® (Bacillus) diet. Additionally, Kermauner and Struklec (1996) noted that an effect of 0.5% probiotic Acid Pack 4 Way (Lactobacillus acidophilus, Streptococcus faecium) was only observed in the decreased proportion of stomach and increased proportion of caecum of gastrointestinal weight.
The values for dry matter content, total SCFA, and molar proportions of acetic, butyric and propionic acids are all in agreement with those obtained by Garcia et al. (2002) and Gidenne et al. (2008) . Kimsé et al. (2012) and Rotolo et al. (2014) did not report any effect of live yeast (Saccharomyces cerevisiae) on volatile fatty acid molar proportions. Furthermore, Maertens et al. (1994) and Bonai et al. (2008) did not note any effect of Bacillus on the fermentation pattern.
Serum biochemical analysis is used to determine heart attack parameters and liver damage and to evaluate protein quality and amino acid requirements in animals (Ewuola and Egbunike, 2008) . All values for the clinical chemistry parameters were within the physiological ranges reported in several reports (Yu et al., 1979; Archetti et al., 2008) . In this study, dietary yeast supplementation did not affect blood traits. Similar results were obtained by Seyidoglu and Galip (2014) when applying 3 g of yeast/kg of rabbit diet and Ozsoy and Yalcin (2011) with Saccharomyces cerevisiae in broiler turkey. However, Onifade et al. (1999) reported that serum protein and albumin level were increased and the serum levels of cholesterol, ALT, AST and ALP were decreased with dietary yeast in rabbits. The differences in the enzymatic activity may be due to animal species and probiotic interventions. Paryad and Mahmoudi (2008) noted lower plasma cholesterol and triglyceride concentration and higher total plasma protein, albumin and globulin concentration in broiler chicks fed 1.5% Saccharomyces cerevisiae.
Recent studies have indicated that yeast cell wall components may modulate the immune response of the animal to maintain health and improve growth performance by reducing pathogenic bacteria (Shen et al., 2009) . Seljelid et al. (1987) reported that β-glucan could stimulate macrophage activity in mice, whereas Djeraba and Quere (2000) reported that mannans increased the macrophage activities in chickens. However, there is a lack of information on the effect of live yeast Saccharomyces cerevisiae on immune response of fattening rabbits. In this study, there was no effect of yeast on IgG serum concentration or cytokines profile (IL-2 and IFN-γ) in the treated group. Shen et al. (2009) reported that 5 g of yeast culture/kg of feed decreased plasma IFN-γ concentration in nursery pigs and Haghighi et al. (2005) reported that the oral administration of 0.5 mL of probiotic containing 10 5 bacteria Lactobacillus acidophilus, Bifidobacterium bifidum and Streptococcus faecalis did not affect the serum level of IgA and IgG in chickens.
CONCLUSION
We conclude that the addition of 6.5×10 9 CFU/kg feed of live Saccharomyces cerevisiae yeast to fattening rabbit diets did not cause any significant changes in fattening rabbit growth performance, caecal microbiota or SCFA profile, with the exception of temporary increase in weight gain and slight alteration of the caecal microbiota after weaning. Serological data from the present study also showed that yeast supplementation did not alter the blood parameters assessed or the immune response. Although non-significant results were observed for the examined parameters, further studies are needed to understand the effects of live yeast and to clarify the effect on the immune response in growing rabbits.
